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Pyrolysis as recycling technology for biomass and plastic residual streams within the framework 
of the circular (bio) economy towards fuels, chemicals, materials and energy
Biomass & plastics pyrolysis
Feedstocks, technologies, products, markets, global and European status fast pyrolysis
Plastics recycling overview, technologies, refinery-integration
Dutch case studies
Pyrolysis of lignin for functional aromatics; the Dutch BIORIZON shared research centre
Pyrolysis Fieldlab Southern Netherlands; a “hot spot” for recycling of biomass and plastics
Pyrolysis of paper sludge; the REFILLS projects
Pyrolysis of spent mattress materials














Simple, feedstock-flexible, energy efficient
Pyrolysis oil: cleaner than most biomass 
and plastic feedstocks (less ash), and
higher v/v energy density (20 vs 4 GJ/m3
for biomass)
Opportunities for distributed processing
Pyrolysis-oil for drop-in fuels, 
or as feedstock for biobased chemicals
Promising economics
Limited product yields / selectivities
Quality and stability of pyrolysis-oil
Heat transfer in scaling up reactors
Coking of catalysts



















A myriad of biomass types can be converted via a myriad of pyrolysis technologies 
into a myriad of products in a (bio)refinery. Pyrolysis technology examples include: 
fast-, intermediate-, slow-, catalytic-, thermal-, microwave-pyrolysis, etc. 
Every value chain often requires its own dedicated pyrolysis technology.
There is no “one size fits all” !
POTENTIAL PRODUCTS & MARKETS
9
PYROLYSIS PLANTS IN EUROPE
10
IEA Bioenergy Task 34 Direct 
Thermochemical Liquefaction 
has compiled a database of 
pyrolysis plants around the world
Source: http://task34.ieabioenergy.com/publications/pyrolysis-demoplant-database/
BTG-BTL EMPYRO ROLL-OUT
Mega-order from Finland for Dutch 
fast pyrolysis technology EMPYRO
100 million euros to be invested in production of 
sustainable oil from biomass residues
Starts with one 25 M€ facility near a sawmill in 
Lieksa, FI
Implemented by TecnipFMC, NL, constructed by 
ZETON, NL, operated by Green Fuel Nordic Oy
Production of 20 million litres of oil per year that 
will be used for various production facilities in 
Finland and the Netherlands. 
Waste sawdust feedstock as raw material for the 
oil production, steam is used sustainably for the 
internal plant processes. 





Most plastic waste 
currently goes to landfills 
and incineration 
12
1 Durable applications with an average lifetime >1 year will 
end up as waste only in later years; nondurable applications 
go straight to waste. 2 150 million metric tons of mixed 
plastic waste from nondurable applications that end up as 
waste in same year, plus 110 million metric tons of mixed 






Physical processing to resin pellets (viable for e.g. PET and PE)
Room for process optimization to preserve resin quality 
Chemical recycling back to monomers
Mainly relevant for condensation type polymers (e.g. polyesters (PET) and polyamides (nylon))
Room for improvement
Recycling back to feedstock, e.g. fuels and chemical feedstock
Chemo-catalytic and/or thermal processing
Biggest potential for pyrolysis because of its ability to process a wide range of low quality 
mixed-plastics-waste streams such as flexible packaging and laminated materials
13
Source: https://www.mckinsey.com/industries/chemicals/our-insights/no-time-to-waste-what-plastics-recycling-could-offer





CO-PYROLYSIS BIOMASS WITH PLASTICS
16
Innovative approach to treat complex mixtures
N.Sophonrat et al., “stepwise pyrolysis of mixed plastics and paper for separation of oxygenated and hydrocarbon condensates. Applied Energy, 239 (2018) 314-325
CASE STUDIES
18
BIORIZON is a shared research center 
to conduct RTD for production of 
biobased aromatics (e.g. bulk (BTX) 
and functionalized aromatics (phenols)) 
for performance materials, chemicals & 
coatings.
BIORIZON anticipates the expected 
growing shortage of aromatics from the 
petrochemical industry and the widely 
shared ambition to green the chemical 
industry.
BIORIZON strives to be a leading 
Center for (functionalized) biobased 
aromatics within 5 year.
BIORIZON community consists of many 




Products (wt% on intake) Walnut Cocoa DDB
Non-condensable gases 16,3 18,0 11,6
Total pyrolysis liquids 69,2 48,0 44,4
Tar Knock-Out pot 3,1 3,0 3,6
Heated ESP 18,4 9,7 16,5
Cooler 46,4 32,5 22,4
Freeze cooler 1,3 2,8 1,9
Pyrolysis char 10,5 13,5 15,0
Pyrolysis ash 0,5 8,7 11,4
Mass balance 96,5 88,2 82,4




VALIDATION PYROLYSIS VALUE-CHAINS FOR 
BIOMASS AND PLASTIC WASTES
CharcoTec Nettenergy Patpert Waste4Me

FIRST PARTICIPANTS PYROLYSIS FIELDLAB
21





Mobile and continuous 
“flash” pyrolysis / 
gasification
Slow catalytic pyrolysis 
with integrated 
catalytic distillation
Slow pyrolysis at high 
temperature (800 - 900°C)
Reactor Batch retorts Auger Auger / moving bed Auger / moving bed
Scale 1000 kg/batch 10-100 kg/hr 1000 kg/hr 250 kg/hr
Value-chain Biomass (e.g. 
roadside grass) to 
grass-coal (BBQ)
Biomass (e.g. wood, agro-
residues) to gas, oil, wood 
vinegar and char
End-of-life-plastics 
(ELP) to diesel fuel
High calorific waste to 
heat, power and (optional) 
oil (dual fuel concept)
Challenge Product quality, 
briquetting issues
Market penetration / 
product acceptation 




PAPER SLUDGE & REFILLS 
23
REFILLS PROJECT
Objective: RTD containerized solution for 
treatment & recycling of paper sludge to:
Avoid wasting biomass (sludge from paper production)
Recover minerals / fillers such as kaolin, bentonite, 
calciumcarbonate etc. (for recycling)
Recover products for energy applications (pyrolysis oil)
Save on CO2 emissions (decrease carbon-footprint)
24
SUCCESSFUL PILOTING
Conversion of 100 kg/hr paper sludge into minerals and oil 
8 test runs > 400 hrs, > 16 ton wet paper sludge dried, > 7 ton dry paper sludge converted









• Heat & energy

















Construction mobile pilot plant 
(containerized, 100 kg/hr)
TKI-project REFILLS
Construction demo plant 
with standard capacity 
(1.3 t/hr)
RECYCLING OF SPENT 
MATTRESSES
More than1 million spent mattresses 
per year in NL!
Mechanical and chemical recycling is not 
always possible, most material is incinerated. 
Burden for MSW incinerators.
Pyrolysis could offer a better recycling route
To be explored in Dutch consortium 
via 3 pyrolysis technologies, deployed by 
Waste4Me and ENERPY and supported by 




OF SPENT MATTRESS 
MATERIALS
CONCLUSIONS
CONCLUSIONS, TRENDS & OUTLOOK
No “one size fits all” pyrolysis recycling technology!
Strong dependence on type, availability and location of feedstock (biomass, plastics and mixed streams), 
geopolitical and socio-economic situation (obviously!)
Emphasis on (transportation) fuels (biobased) and energy
E.g. FORTUM, EMPYRO (energy applications of pyrolysis oil)
But… increasing interest in chemicals and performance products
High potential because of added-value but challenging (feedstock heterogeneity and recalcitrance, 
complex reaction products and low oil price). Some commercial products to date: acetic acid, food flavor / 
browning agents (“liquid smoke”), biochars (BBQ, metallurgy, active carbon,..), minerals, petrochemical 
monomers, waxes, etc.
Recycling of plastics back to feedstock, e.g. fuels and chemical feedstoc
Biggest potential for pyrolysis because of its ability to process a wide range of low quality 
mixed-plastics-waste streams such as flexible packaging and laminated materials 30
THANK YOU!
This work was supported and co-financed by 
the Topsector Energy Subsidy from the 
Dutch Ministry of Economic Affairs 
BIOMASS PYROLYSIS PLANTS 
AROUND THE WORLD
32
IEA Bioenergy Task 34 
Direct Thermochemical 
Liquefaction has compiled 
a database of pyrolysis 











































* Typical values for papersludge
